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Abstract 

We present the Galactic model parameters for thin disc estimated by Sloan Digital 
Sky Survey (SDSS) data of 14 940 stars with apparent magnitudes 16 < g Q < 21 in 
six intermediate latitude fields in the first Galactic quadrant. Star /galaxy separation 
was performed by using the SDSS photometric pipeline and the isodensity contours 
in the (g — r)o — (r — i)o two colour diagram. The separation of thin disc stars is 
carried out by the bimodal distribution of stars in the (g — r) Q histogram, and the 
absolute magnitudes were evaluated by a procedure presented in the literature (Bilir, 
Karaali & Tungel, 2005). Exponential density law fits better to the derived density 
functions for the absolute magnitude intervals 8 < M(g) < 9 and 11 < M(g) < 12, 
whereas sech/sech 2 laws are more appropriate for absolute magnitude intervals 9 < 
M(g) < 10 and 10 < M(g) < 11. We showed that the scaleheight and scalelength 
are Galactic longitude dependent. The average values and ranges of the scaleheight 
and the scalelength are < H >= 220 pc (196 < H < 234 pc) and < h >= 1900 pc 
(1561 < h < 2280 pc) respectively. This result would be useful to explain different 
numerical values claimed for those parameters obtained by different authors for the 
fields in different directions of the Galaxy. 
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1 Introduction 



The st udy of Galactic models and parameters have long history. iBahcall fc Soneria 



(1980) itte d observations to t wo-co mponent Galactic model, namely disc and 



halo, while iGilmore Sz Reid (1983) successfully fit their observations to a 



Galactic model introducing a third component, i.e. the thick disc. It should 
be noted that the third component was a rediscovery of the "In termediate 
Popul ation II" first described in the Vatican Proceedings review of O'Connell 



(1958). Due to their importance, Galactic models have been primary concern 



and research topic for many research centers: As they can be used as a tool 
in order to understand the formation and evolution of the Galaxy. 

Different research groups have been using different methods to deter mine 



Galactic model pa rameters (Table 1). For example, Ch en et al.l ((2001) and 



Siegel et al. ( 2002| ) give 6.5-13 and 6-10 per cent, respectively, for the relative 



local space density of the thick disc. However, we think that an appropriate 
procedure would lead us to expect a smaller range and/or a unique value with 
a small error. 



In the previous studies dKaraali. Bilir fc Hamzaoelu , 2004. hereafter K BH; 



Bilir. Karaali fc GilmoreL 12006. hereafter B KG) we estimated Galactic model 



parameters for stars of different Galactic populations and absolute magnitude 
intervals and we found that the range of these models are rather small relative 
to the ones appeared in the literature. It gives the indication that this proce- 
dure refines the Galactic model parameters. However such a result may not be 
considered in the model estimation due to the contamination introduced by 
the other populations. In the present study we estimated the Galactic model 
parameters only for the thin disc and our previous results are confirmed. Also, 
we showed (Section 5.1) that the contamination of the thick disc is rather 
small. Additionally we discussed the dependence of the Galactic model pa- 
rameters on the Galactic longitude. For this, we used the homogeneous SDSS 
data for stars in six intermediate Galactic latitude fields in the first Galac- 
tic quadrant. The range of the latitudes of the fields is comparatively small, 
41° < b < 52°, whereas the longitudes of the fields lie between 5° and 83°. 
Hence, any significant difference between the values of a given Galactic model 
parameters derived for stars in the same absolute magnitude interval for two 
fields could be attributed to the effect of the Galactic longitude, under the 
condition that our data are not contaminated by other populations, i.e. thick 
disc. The sample stars are at distances less than r ~ 2 kpc relative to the Sun, 
and as stated above, the thick disc contamination is rather small. Thus, we 
can say that Galactic model parameters are longitude dependent, at least for 
the six fields investigated in the present study. 

In Section 2 we describe the data and reductions, in Section 3 we introduce 
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the density laws adopted in the present study. Section 4 provides the absolute 
magnitude determination, and the evaluation of the density functions for thin 
disc of six fields. In Section 5 we estimate the Galactic model parameters, and 
the final conclusion is presented in Section 6. 



2 Data and reductions 



The data were taken from SDSS, Data Release 3 (DR3), on the WEB 1 of six 
fields with intermediate Galactic latitude (41° < b < 52°) in the first Galactic 
quadrant (Table 2). SDSS magnitudes u, g, r, i, and z were used for totally 
113 380 stars in six fields equal in size (10 deg 2 ) except Field F6 (20 deg 2 ), 
down to the limiting magnitude of go = 21. The mean E(B — V) colour excess 
for each field is less than 0.06 except for the Field Fl, E(B — V) — 0.10. The 
E(B — V) colour excesse s were individually evaluated for eac h sample source 
making use of the maps of Schlegel. Finkbeiner &: Davisl (|l998| ) through SDSS 



query server and this was reduced to total absorption A v via equation (1). 
A v = 3AE(B - V). 



In order to determine total absorp tions, A m , for the SDSS bands, we used 
A m /A v data given by (|l999i ). i.e. 1.593, 1.199, 0.858, 0.639 and 0.459 
for m=u, g, r, i and z, respectively. Thus, the de-reddened magnitudes, with 
subscript 0, are 



u =u- A u , g = g - A 



.</■ 



r 



r - A r , i 



i Ai, 



2(1 



A z . (2) 



All the colours and magnitudes mentioned hereafter will be de-reddened ones. 



According to Chen et al. ( 200l| ). the distribution of stars in the apparent 
magnitude- colour diagram, g Q — (g — r) a , can be classified as follows. The 
blue stars in the range 15 < go < 18 are dominated by thick-disc stars with 
turn-off at (g — r) ~ 0.33, and for g > 18 the Galactic halo stars, with 
turn-off at (g — r) ~ 0.2, become significant. Red stars, (g — r) ~ 1.3, are 
dominated by thin disc stars at all apparent magnitudes. 

However, the apparent magnitude-colour diagram and the three two-colour 
diagrams for all objects (due shortage of space large amount of data not 
presented here) indicate that the s tellar distributions are contaminated by 



extragalactic objects as claimed bv IChen et al.l ((20011 ) . Distinction between 
star/galaxy was obtained using command probPSF mas given in DR3 WEB 



http:/ / www.sdss.org/ dr3 / access / index.html 
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page. There 1 or is designated for the probability of object being a star 
or galaxy. Needless to say, separation of 1 or strongly depends on se eing 
and sk y brightness. Apart from the above mentioned work, simulations of lFan 
(1999) were carefully adopted in order to re move the extragalac tic objects in 
our field. This is similar to the procedure of Juric et all (|2005l ) who defined 
locus points and drew several isodensity contours in the (g — r)o-(r — z)o two 
colour diagrams and rejected stars on the contours at distances larger than 
0.3 mag relative to the corresponding locus (Fig. 1). 



The colour-magnitude diagram g -{g — f)o for the final sample (stars) are given 
in Fig. 2. The limiting magnitude for the survey stars in Fig. 2 can be read off 
as go = 22. However, the colour and magnitude errors for fainter magnitudes 
are larger, i.e. {cr u - g = 0.26, o" 9 _ r = 0.04, a r -i = 0.04, a,i- z = 0.07) for g = 21, 
and {cr u _ g = 0.75, a g _ T = 0.06, a r _j = 0.05, a^ z = 0.08) for g = 22 hence we 
adopted g = 21 as the limiting magnitude in our work for the evaluation of 
more reliable Galactic model parameters. 



3 Density laws 



Disc structures are usually parametrized in cylindrical coordinates by radial 
and vertical exponentials, 

Di(x,z) = rii exp(-z/Hi) exp(-(x - Ro)/hi), (3) 



where z is the distance from the Galactic plane, x is the planar distance 
from the Galactic centre, Rn is the sol ar distance from the Galactic centre 
(8.6 kpc, iBuser. Rong h Karaali Hi and h l are the scaleheight and 



scalelength, respectively, and n« is the normalized density at the solar radius. 
The suffix % takes the values 1 and 2 as long as the thin and thick discs are 
considered. A similar form uses the sech 2 or sech function to parameterize the 
vertical distribution of the thin disc. As the secans hyperbolicus is the sum of 
the two exponentials, the scaleheight corresponding to the sech 2 and sech has 
to be multip l ied by 1.08504 and 1.65745, respectively (see Appendix A and 



Phleps et al.l (|2000l )). for its reduction to the equivalent exponential appendix. 



Here, we compare the density laws and the derived densities only for the thin 
disc. Hence, only the corresponding laws and parameters are considered. 
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4 Absolute magnitudes, distances and density functions for late- 
type thin— disc stars 



Contrary to the thick disc and halo stars which overlap in the apparent 
magnitude-colour diagram, the position of the late-type thin disc stars is very 
conspicuous in the diagram. In fact, the (g — r) histogram for all stars in six 
fields show a bimodal distribution, one at (g — r) ~ 0.45 and another one at 
(g — r) ~ 1.35 (Fig. 3). The Gaussian fit shows that (g — r) = 1.10 can be 
adopted as the border separating the late-type thin disc stars from the thick 
disc and halo couple. Thus, totally 14 940 stars with (g — r) > 1.10 included 
into our programme as thin-disc stars (details are given in Section 5.1). 

The absolute magnit udes of the programme stars were evaluated using the 
following calibration ( Bilir. Karaali fc Tuncell . 2005| ) 



M(g) = 5.791(±0.023)(# - r) + 1.242(±0.012)(r - z) + 1.412(±0.021)(a = 0.05). (4) 



Combination of the absolute magnitude M(g) and the apparent magnitude g 
of a star gives its distance r relative to the Sun, i.e., 

[<7-M(s)] = 51ogr-5. (5) 



For the six fields, the logarithmic space density functions were evaluated for 
different absolute magnitude intervals however, only the one for the Field F4 
is given in Table 3 (due to shortage of space), but all of them are shown in Fig. 
4 as D* = \ogD + 10, where D = N/AV li2 ; AV li2 = (7r/180) 2 (A/3)(r| - rf); 
A denotes the size of the field (deg 2 ) in question; r\ and r 2 denote the lower 
and upper limiting distance of the volume AV 1)2 ; N is the number of stars; 
r* = [(rf + r|)/2] 1//3 is the centroid distance of the volume A Via! an d z* = 
r* sin (b), b being the Galactic latitude of the field center in question. The thick 
horizontal lines in Table 3 correspond to the limiting distance of completeness, 
zi, which are calculated from the following equations: 

[0-M(0)] o = 51ogr,-5, (6) 

zi = nsm(b), (7) 



where go is the limiting apparent magnitude (16 and 21, for the bright and 
faint stars, respectively), r; is the limiting distance of completeness, and M(g) 
is the corresponding absolute magnitude in the interval (Mi, M 2 ). 
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5 Galactic longitude dependent Galactic model parameters 



5.1 Estimation of Galactic model parameters by comparison of the observation- 
based density functions with different density laws 



A x 2 method was employed to fit the analytical density laws given in Section 
3 for thin disc to the observation-based space densities with the additional 
constra int of producing local den sities consistent with those derived from Hip- 
parcos ([jahreiss fc Wielen . 1997 ). This procedure was applied in our previous 



papers (KBH, BKG). 

One must be certain that our space density functions should belong to stars 
of the thin disc before discussing the Galactic model parameters, evaluated by 
the comparison mentioned above. Our strong argument is about the distance 
of stars relative to the Sun: All stars are at distances less that r ~ 2 kpc, 
and most of them at distances shorter than 1.5 kpc (Fig. 4). 25 stars with 
distances 2 < r < 3.5 kpc relative to the Sun (Table 3) are beyond the limiting 
distance of completeness which are not included into the statistics. However, 
fitting the observed data to the Galactic model for the field F4, as example, 
in Fig. 5 shows that there is a slight excess in the observational based number 
of stars in the distances near to the Galactic plane 1 < z < 1.5 kpc. This 
means some contamination of the thick disc. Comparison of the observationa l 



based data for the field F4 with the Galactic model of IChen et al.l ([20011 ) 
for two extreme scaleheights and solar normalizations of the thick disc, i.e. 
H = 600 pc; n 2 /ni = 12 per cent, and H = 1000 pc; nijn\ = 3 per cent 
(Figs. 6 and 7) confirms this suggestion. Now, the question is to find out the 
amount of this contamination. The locus of stars estimated in our work for 
absolute magnitude intervals 8 < M(q) < 9 and 11 < M(g) < 12 are below 



the model curve of thin disc of IChen et al. ( 2001 ). Whereas for the intervals 



9 < M(g) < 10 and 10 < M(g) < 11 there is an excess in number of stars 
for the distance intervals z < 500 pc relative to the model curve thin disc, 
indicating some contamination of the thick disc in our work. We reduced the 
excess number of observed stars in Fig. 6 (Figs. 6 and 7 are rather similar) 
su ch as to fit to the predicted ones for the thin disc in the Galactic model 



of IChen et al.l ([20011 ). and we re-estimated the Galactic model parameters for 
the field F4. The contamination of the thick disc in number of stars are 7, 
14, and 16 per cent for the absolute magnitude intervals 8 < M(g) < 9, 
9 < M(g) < 10, and 10 < M(g) < 11, respectively. The differences between 
three sets of parameters, for the previous Galactic model and the one with re- 
estimated parameters are as follows: An* = (0.01,0.00,0.01), AH = (3,5,1) 
pc, Ah = (60, 563, 27) pc for the absolute magnitude intervals in the order 
given above. These small amounts show that the contamination of the thick 
disc is rather small. The Galactic model with the re-estimated parameters 
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mentioned above fit to the observational based data (Fig. 8). Hence our results 
stated in the following sections can be attributed to as the properties of the 
thin disc. 



It turned out that the exponential law fitted better for the brightest and 
faintest intervals, i.e. 8 < M(g) < 9 and 11 < M(g) < 12, whereas sech and 
sech 2 laws are appropriate for the intermediate intervals, i.e. 9 < M(g) < 10 
and 10 < M(g) < 11, respectively. The numerical values for Xmin gi ven in- 
Table 4, of the columns 7 and 12 substantiate our suggestion. 



The resulting Galactic model parameters are summarized in Table 4. The 
scaleheights for the sech and sech 2 laws are reduced in accordance with the 
exponential law by multiplying them with 1.65745 and 1.08504, respectively. 
Hence, the symbol H in Table 4 corresponds to the exponential law. It is 
seen that the parameters are absolute magnitude-dependent for six fields. For 
example, the scaleheight is shorter for the brightest and faintest intervals with 
respect to one for the intermediate intervals. Also, the scalelength changes 
from one absolute magnitude interval to the other, without following any rule 
or pattern. 



Here we present a question: Is it possible to claim that the scales substantially 
change with Galactic longitude? The answer of this question can be obtained 
by fitting one disc model to the stars in a given absolute magnitude range 
for six fields at the same time. Fig. 9 compares the derived logarithmic space 
densities for the absolute magnitude interval 10 < M(g) < 11 for six fields 
with the thin disc model of IChen et al.l ((20011 1 . The corresponding scaleheight 
and scalelength of the model are if =330 pc and /i=2250 pc, respectively. The 
agreement between the derived data and the model is rather low. Additionally, 
the standard deviations are large and the resulting solar space den sities for 
six fields are different than the Hipparcos (|jahreiss &: Wielen . 1997 ) one for 
the same absolute magnitude interval (Table 5). The disagreement mentioned 
above indicates that the claim related to the scales change with Galactic lon- 
gitude is valid. 



All error estimates in Table 4 were obtained by changing Galac tic model pa- 
rame ters until an increase or decrease by 1 in x 2 was achieved ((Phleps et al. 



2000h . The parameters were tested against the luminosity function given in 



Table 4 (last column) and Fig. 10, where <p*(M) is the local space density 
for thin disc. The absence of the local space densities for thick disc and halo, 
which is limited to ~10 per cent of the total local space density, did not affect 
the smooth agre ement between the lumin osity function and the derived from 
Hipparcos data ([Jahreiss fc Wielenl . ll997h . 
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5.2 Dependence of the scaleheight and scalelength on the galactic longitude 



An interesting result can be deduced from Table 4 where the dependence of 
the scaleheight (if), and scalelength (h), on the Galactic longitude (I), for 
each absolute magnitude interval is seen. In fact, Table 6, Fig. 11 and Fig. 12 
show that H and h change linearly from one interval to the other i.e. 

H = a\l + ao, (8) 

h = h l l + b , (9) 



where the coefficients dj and hi (i=l, 2) are given in Table 7. The correla- 
tion is higher for the scaleheight than for the scalelength and the correlation 
coefficient for the scaleheight decreases from the bright absolute magnitude 
intervals to the faint ones, contrary to the one for scalelength. The correlation 
coefficient of H for the interval 11 < M(g) < 12 is rather small, R 2 = 0.09, 
and the slope coefficient is negative, i.e. a\ = —0.158, in contradiction with 
the others. 

The dependence of the scaleheight and scalelength on the Galactic longitude 
has so far not been claimed anywhere in the literature. Hence it is a novelty. 



6 Summary and discussion 



In the present study, we used the homogeneous SDSS data for stars in six 
intermediate Galactic latitude fields in the first Galactic quadrant and derived 
Galactic model parameters for the thin disc. Star/galaxy separation was per- 
formed by utilizing the command probPSF ma9 in DR3 WEB page to provide 
each object's probability of being a star in each filter. As the quality of this 
separation stron gly depends on the seeing and sky brightness, we adopted also 
the simulation of Fan (|l999j ) in order to remove the extraga l actic o bjects from 
our sample. This is similar to the procedure of Juric et all ()2005| ) who define 
locus points and draw several isodensity contours in the (g — r) — (r — i)o 
two colour diagram and reject stars on the contours at distances larger than 
0.3 mag relative to the corresponding locus. Thin disc stars were separated 
from the thick disc and halo stars by the bimodal distribution of stars in the 
(.9 — r )o histogram. Comparison o f the observa t ional based space density func- 
tions with the Galactic model of IChen et al.l ([20011 ) revealed that there is a 
slight contamination, i.e. 7, 14, and 16 per cent for the absolute magnitude 
intervals 8 < M(g) < 9, 9 < M(g) < 10, and 10 < M(g) < 11, respectively, of 
the thick disc which does not affect the resulting Galactic model parameters 
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considerably. Thus, we obtained a sample of 14 940 thin disc stars with appar- 
ent magnitude 16 < go < 21 and colour indice (g — r) > 1.10. The absolute 
magnitudes w ere evaluated according to the new calibration appeared in one 
of our papers ((Bilir. Karaali fc Tunceil2005h . 



The range of the Galactic model parameters estimated for different absolute 
magnitude intervals, i.e. 8 < M(g) < 9, 9 < M(g) < 10, 10 < M(g) < 11 
and 11 < M(g) < 12, is rather small relative to the ones appeared in the 
literature. Hence, our previous results (KBH and BKG) are confirmed. 



As in our previous works, we added the constraint of produ cing densities at the 
solar radius consistent with those derived from Hipparcos fjjahreiss fc Wielen , 
1997), and showed that the exponential density law fits better to the den- 
sity functions for the brightest and faintest intervals, 8 < M(g) < 9 and 
11 < M(g) < 12, whereas sech and sech 2 are more suitable for intermediate 
interval s, i.e. 9 < M ( q) < 10 and 10 < M(g) < 11. Thus, we confirmed the 
work o f lPhlens et al.l J2OOO) who showed that the observational based density 
functions for thin disc fit to two density laws, sech and exponential. 



Comparison of the scaleheights and scalelengths of six fields, for the same abso- 
lute magnitude intervals, with their longitudes indicate that these parameters 
are longitude dependent. However, the correlation for the scalelength is not 
as high as for the scaleheight one. Additionally the errors for the scalelength 
are larger than the errors for the scaleheight. Alternatively, one may argue 
that tendency of the scaleheight and scalelength may due to the effect of the 
thick disc and/or halo stars at different distances from the Galactic center at 
different longitudes. However, as we mentioned above (Section 5.1) the con- 
tamination of the thick disc is rather small. Hence this argument is out of 
question in our work. It is worthwhile to remind that our sample stars in a 
field are at distances less than r ~ 2 kpc relative to the Sun, hence their 
distances from the Galactic center do not differ considerably from each other. 



One may think that the argument stated in the former paragraph is in con- 
tradiction with the double exponential structure of the thin disc. Whereas we 
think in a different way. We do not reject the double exponential structure of 
the thin disc. However, we argue that additional constraints should be added 
for the refinement of scaleheight and scalelength of the thin disc (and the thick 
disc). 



Finall y, we compare sca leheig hts and scalel e ngths with the ones of IChen et al 



( 200lh . iDu et all (|2003h and IPhleps et alJ (|2005i) . These authors give larger 
scaleheights than the mean scaleheight, < H >= 221 pc , in our work for 



fields with larger Galactic longitudes, i.e. 
pc, 80° < I < 180° and 250° < I < 360° 
I = 



Chen et all feOOlh. 310 < H < 345 
T: IDu et all (|2003h : H = 320 pc, 
169°.95; and IPhlens et~aT1 (|2005h : H = 281/283 pc, 85° < / < 335°. 
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According to the relation between the scaleheight and the Galactic longitude 
given in this work we expect larger scaleheights for larger Galactic longitudes. 
Hence, the scaleheights presented in this work are in agreement with those 
appeared recently. The difference between our work and the others is that we 
argue and show the dependence of the scaleheight on the Galactic longitude. 

Th e mean scal e length in our work, h = 1900 pc, is cl o se to the ones adopted 
bv lGhen et a"D (|200lh . h = 2250 pc, and lPhleos et all (|2005h . h = 2000 pc for 



estimation of the scaleheights in their work. 
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A Appendix: Reduction of the secans hiperbolicus and secans hiper- 
bolicus square scaleheights to the exponential one 



The secans hiperbolicus is the sum of two exponentials, i.e. 

sech(x) = 2/[exp(— x) +exp(x)]. (A.l) 

Hence, the sech density law, 

sech(—z/z ) = 2/[exp(— z/z ) + exp(z/z )). (A. 2) 



Here z is the sech scaleheight. Now let us write the exponential density law, 
exp(—z/H), and equalize it to the sech density law: 

exp(-z/H) = 2/[exp(-z/z ) + exp(z/z )], (A. 3) 



If we replace z = H, we find the equation exp(— 1) = 2/[exp(— H/z ) + 
exp(if/z„)] which procudes H/z = 1.65745 or H = 1.65745z . This rela- 
tion is in agreement with given bv lPhleps et al.l (|2000| ). For sech 2 , if we take 
the square of both sides in (A. 2) and equalize it to the exponential density 
law: 

exp(-z/H) = 4/[exp(-2^/^ ) + exp{2z/z ) + 2]. (A.4) 
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Also if we replace z = H, we find exp(— 1) = 4/[exp(— 2H/z Q ) + exp(2H/z Q ) + 
2]. The solution of this equation produces H = 1.08504z o . 



B Appendix: Reduction of the standard local space densities of 
Hipparcos to the SDSS photometry 



The standard local space densities of Hipparcos ( Jahreiss fe Wielenl Il997t ) 
were reduced to the SDSS photometry, where the relation between (B — V) 
and M(V) derived for the main-sequence stars within 10 pc of the Sun by 
Henrv et all (|l999h . were used in order to transform M(V ) absolute magni- 



tudes of the Yale Par allax Catalog ((van Altena et al" , 1998J ) and the Hipparcos 
mission (ESA, 1997) to the (B — V) colour indices, i.e. 



(B — V) — 0.00099M(\/) 3 - 0.038184M(V r ) 2 + 0.555204M(V) - 1.242359.(B.i; 



Then, we used the equation of Bi lir. Karaali fe Tuncell |2005) to derive the 
M(g) absolute magnitudes of SDSS photometry: 



M(g) = M{V) + 0.63359(5 - V) - 0.10813. 



(B.2) 



Final ly, the standard local space densities of Hipparcos f Ja hreiss fc Wielen . 



1997) for the absolute magnitudes of M(g): 7.5, 8.5, 9.5, 10.5 and 11.5, were 



interpolated and is given in the column (13) of Table 4. 
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Fig. 1. Isodensity contours for the objects after performing the star /galaxy separa- 
tion by using the SDSS photometric pipeline (a). Objects at distances larger than 
0.3 mag from the locus were rejected from the sample (b). The procedure is adopted 



from I.Turic et al.l (|2 
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Table 1 

Previous Galactic models. Symbols: H: scaleheight, h: scalelenght, n: local space 
density of the population relative to the space density of the thin disc, R e : the 
effective radius, and k = c/a: the axis ratio. 

Thin disc Thick disc Halo 



H (pc) 


h (kpc) 


n thick 


H (kpc) 


h (kpc) 


n halo 


He (kpc) 
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Gilmore (1984) 
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Tritton & Morton (1984) 


200-475 




0.016 


1.18-2.21 
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0.0016 
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Robin & Creze (1986) 
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1.0 




0.0010 
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del Rio & Fenkart (19871 


285 




0.015 


1.3-1.5 




0.0020 


2.36 


flat 


Fenkart et al. (1987) 
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0.95 




0.0010 
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Yoshii et al. (1987) 
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0.041 


1.0 




0.0020 


3.0 
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3.8 


0.019 
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200 






0.86 






4.0 
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a Power-law index 
b Corrected values 


replacing i? e . 
for binarism. 















Table 2 

Data for six fields investigated in this work. The coordinates are for the epoch 2000, 
and N is the number of stars. 



Field 
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F5 


15 42 00 
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71.29 


51.89 


10 


0.019 


8 731 


F6 


09 52 00 


52 45 00 


83.38 


48.55 


20 


0.015 


24 802 
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Fig. 2. Apparent magnitude colour diagram for the star sample in consideration. 
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Fig. 3. (g — r) histogram for the star sample used to separate the thin-disc stars. 
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Fig. 4. Comparison of derived thin disc space density functions (symbols) with the 
best fit analytical density laws (lines) for different absolute magnitude intervals for 
six fields. The continuous curve represents the exponential law, the dashed curve 
represent the sech law and the dot-dashed curve represents the sech 2 law in the 
vertical direction. 
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Fig. 5. Fitting of the distribution of z-distances for stars in four absolute magnitude 
intervals for the Field F4 with a curve of single mode indicating the thin disc. There 
are slight differences between the number of observed stars and the predicted ones. 
The arrows at the top each panel show the limiting completeness of ^-distances for 
the bright and faint apparent magnitudes. 
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Fig. 6. Comparison of the distribution of distances above th e Galactic plane fo r stars 
in the field F4, as an example, with the Galactic model of IChen et al . (2001). The 
scaleheight and solar normalization of the thick disc are H = 600 pc, r^/^i = 12 per 
cent, respectively. Small differences between the number of stars and the predicted 
ones for the thin disc (TN) indicate slight contamination of thick disc (TK). Arrows 
are as in the Fig. 5. 
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Fig. 7. Comparison of the distribution of distances above th e Galactic plane fo r stars 
in the field F4, as an example, with the Galactic model of IChen et al.l (|200lh . The 
scaleheight and solar normalization of the thick disc are H = 1000 pc, n^/rii = 3 
per cent, respectively. The other model parameters are the same as in Fig. 6. The 
same small discrepancy in Fig. 6 can be seen also here. Arrows are as in the Fig. 5. 
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Fig. 8. Reduction of the number of stars by 7, 14, 16 per cent for the absolute 
magnitude intervals 8 < M(g) < 9, 9 < M(g) < 10, and 10 < M{g) < 11 brings the 
observed number of stars close to the predicted ones. Arrows are as in the Fig. 5. 



21 




Fig. 9. Com parison of the deriv ed logarithmic space densities D* with the Galactic 
disc model of lChen et al.l (|200lh for stars with absolute magnitudes 10 < M(g) < 11, 
for six fields. Agreement is rather poor and the standard deviations are large (see 
Table 5). 
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Fig. 11. The relation between the scaleheights for six fields and the corresponding 
Galactic longitudes. 
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Fig. 12. The relation between the scalelengths for six fields and the corresponding 
Galactic longitudes. 
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Table 3 

Logarithmic space density function, D* = log D + 10, for different absolute mag- 
nitude intervals for the Field F4 as an example. Distances in kpc, volumes in pc 3 , 
horizontal lines show the limiting distance of completeness. Other symbols are ex- 
plained in the text. 
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Table 4 

Galactic model parameters for different absolute magnitude intervals for the thin 
disc of six fields, resulting from the fits of derived and analytical density profiles. The 
columns indicate: (1) absolute magnitude interval M(g), (2) density law, (3) and (8) 
logarithmic local space density n*, (4) and (9) standard deviation for logarithmic 
space density s, (5) and (10) scaleheight (in pc) reduced to the exponential law H, 
(6) and (11) scalelength (in pc) h, (7) and (12) Xmm» an< ^ (l^) the standard local 
space density of Hipparcos reduced to the SDSS photometry (see Appendix B). 
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Table 5 

Logarithmic solar space densities, n*, for stars with absolute magnitudes 10 < 
M(g) < 11 for six fiel ds estimated by fi tting the derived space densities with the 
Galactic disc model of IChen et al.l ([200 IT ). The symbol s is the standard deviati on. 
The local logarithmic solar space density of Hipparcos ( Jahreiss Sz Wielenl . 1997 ) is 
= 7.73. 
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Table 6 

The scaleheight, H (pc), and scalelength, h (pc), as a function of both absolute 
magnitude and longitude for six fields. 
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1755 


F4 


61.62 


7.44 


220 


1690 


7.56 


292 


2313 


7.85 


275 


1237 


7.78 


129 


2448 


F5 


71.29 


7.45 


225 


1606 


7.52 


285 


1950 


7.76 


294 


2804 


7.72 


134 


1845 


F6 


83.38 


7.55 


226 


2350 


7.58 


295 


2382 


7.96 


281 


2470 


8.05 


125 


1920 




Average 




212 


1692 




272 


1901 




262 


1748 




138 


2215 



Table 7 

Coefficients a, and hi (i=0 and 1) in the eqs. (8) and (9) and the squared correlation 
coefficient R 2 . 





H = 


ax(l) + a 


h = 


bt(l) + b 


M(g) 


a\ 


a 


R 2 


h 


bo R 2 


(8, 9] 


0.417 


193.1 


0.96 


0.01 


1.451 0.15 


(9, 10] 


0.750 


236.6 


0.89 


0.02 


1.100 0.57 


(10, 11] 


0.625 


232.8 


0.59 


0.02 


0.887 0.63 


(11, 12] 


-0.158 


144.9 


0.09 


-0.01 


2.654 0.49 
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